Geographic variation in morphology is common, and widespread patterns are often explained within an adaptive framework (Price 2008) . One of the best-known ecogeographical patterns of variation in body size among vertebrates is Bergmann's rule, which states that individuals from populations in colder climates tend to be larger than those from populations in warmer climates (Bergmann 1847; mayr 1956 , 1963 . modifications to Bergmann's rule showed that larger body size would also be expected at higher latitudes and elevations, or in cooler or drier climates (Snow 1954; James 1968 James , 1970 James , 1991 . even though birds show a strong tendency to conform to modified definitions of Bergmann's rule (Ashton 2002, meiri and dayan 2003) , the adaptive mechanisms responsible for this pattern have been debated. Various mechanisms have been proposed, such as heat conservation, fasting endurance, and competition for resources (Bergmann 1847; mcNab 1971; Calder 1974 Calder , 1984 James 1991) . Thus, ecotypic variation may result from complex underlying processes involving various interrelated variables (millien et al. 2006) .
South American ducks (Anseriformes: Anatidae) are particularly good candidates for a study of ecogeographic variation. Unlike their Northern hemisphere relatives, which are migratory and show little morphological variation, ducks in South America tend to be less migratory, more restricted in geographic range, and well differentiated into two or more subspecies that differ in plumage and other morphological characters (Phillips 1923 , Johnsgard 1978 , Williams 1991 , Bulgarella et al. 2007 . For example, the ducks that inhabit the puna grasslands and wetlands of the high Andes (3,000-5,000 m) tend to have overall larger body size and differ in conspicuous traits, such as plumage, bill color, or eye color, from those in southern Patagonia, where most breeding habitat occurs below 1,500 m (Fjeldså and Krabbe 1990) . most Andean waterfowl thus comprise one or more predominantly lowland subspecies (or species) and one or more highland subspecies (Phillips 1923) .
Cinnamon Teal (Anas cyanoptera) are widespread throughout the Western hemisphere, and five subspecies that inhabit distinct geographic and ecological zones are currently recognized: A. c. cyanoptera, A. c. orinomus, A. c. borreroi, A. c. tropica, and A. c. septentrionalium (Snyder and lumsden 1951 , delacour 1956 , American Ornithologists' Union 1957 , gammonley 1996 . Anas c. septentrionalium breeds throughout western North America (Bellrose 1980 , madge and Burn 1988 , gammonley 1996 , whereas the other four subspecies breed in South America. in South America, A. c. borreroi is endemic to the Colombian Andes and is replaced by A. c. tropica in the adjacent tropical lowlands; intermediate elevational habitat is unsuitable for either subspecies (Snyder and lumsden 1951, delacour 1956) . Anas c. orinomus is endemic to the Altiplano and adjacent puna region of Argentina, Bolivia, Chile, and Peru. Anas c. cyanoptera occurs throughout the Andean lowlands of Peru, Bolivia, Chile, Paraguay, Brazil, Uruguay, and Argentina and is occasionally found sympatrically with A. c. orinomus in the high Andes (evarts 2005) . each Cinnamon Teal subspecies thus has a distinct geographic distribution with little or no overlap, with the exception of A. c. cyanoptera and A. c. orinomus where they co-occur in the central high Andes.
We collected Cinnamon Teal throughout their range in North America and South America and compared differences in body size among geographic regions. evidence for Bergmann's rule was evaluated to gain insight into factors shaping morphological divergence over elevational and latitudinal gradients.
Methods specimen collection and subspecies classification.-We collected 153 Cinnamon Teal (39 females and 114 males) from Argentina (2001 Argentina ( , 2003 , Bolivia (2001 ), Peru (2002 , and the western United States (2002 States ( -2003 during the breeding season ( Fig. 1 and Appendix 1). Voucher specimens are archived at the University of Alaska museum (Fairbanks), museo de historia Natural de la Universidad de San marcos (lima), and Colección Boliviana de Fauna (la Paz). measurements from Colombian vouchered specimens from the royal Ontario museum and Smithsonian institution National museum of Natural history were obtained for A. c. borreroi (5 females and 13 males) and A. c. tropica (2 females and 2 males); new specimens could not be obtained because these subspecies are endangered.
We used a combination of geography and wing chord length to classify each specimen (Snyder and lumsden 1951, Blake 1977) . despite differences in ninguna relación entre la latitud y el tamaño corporal. la diversidad morfológica en A. cyanoptera parece haber surgido debido a adaptaciones a los ambientes locales impulsadas por la heterogeneidad espacial y temporal de las presiones selectivas. 143 plumage (e.g., Blake 1977), coloration is variable, and A. c. cyanoptera, A. c. orinomus, and A. c. septentrionalium were difficult to classify to subspecies on the basis of plumage color alone (Wilson et al. 2008) . We classified all individuals from North America as A. c. septentrionalium because it is the only subspecies known to occur there. The Colombian specimens we used were the basis of the original subspecies descriptions (Snyder and lumsden 1951), and we followed them in classifying highland specimens as A. c. borreroi and lowland specimens as A. c. tropica. Anas c. orinomus is the most distinct of all the subspecies, which led some early researchers to consider it a separate species (Oberholser 1906) . Anas c. orinomus was easily differentiated from A. c. cyanoptera by overall body size. To check the accuracy of classifications of A. c. cyanoptera and A. c. orinomus in areas of sympatry, we compared wing chord length to individuals of known classification. All initial classifications were confirmed.
Body measurements.-We took nine body-size measurements (±0.1 mm) from each bird: wing chord length (carpal joint to longest primary feather unflattened, ±1 mm), tail length (base of the uropygial gland on back to tip of the center tail feather, ±1 mm), exposed culmen length, bill length at nares (posterior edge of nares to tip of nail), tarsus bone length (tarsometatarsus), bill height (height of upper mandible at posterior edge of nares), bill width (width of upper mandible at posterior edge of nares), and body mass (g). Body mass was not available from the Colombian subspecies and, therefore, was used only as a secondary character in subspecies identification. measurements for all but 45 recently collected specimens were taken the day of collection and prior to preparation as museum specimens (wet measurements), and again several months or years after preparation (dry measurements; Appendix 2) by r.e.W. For 52 individuals from Argentina, Bolivia, and Colombia, only measurements from museum specimens were available (dry measurements). Specimen shrinkage during drying is a universal phenomenon and can cause analytical problems if not properly accounted for in studies that combine live or freshly killed birds and museum specimens (e.g., Winker 1996). Fresh and dry measurements taken by the first author differed significantly (Wilson and mcCracken 2008) . Therefore, dry measurements of those 52 individuals could not be directly substituted for wet measurements.
We chose to analyze wet measurements, and to use individuals missing these data we used a multiple imputation (mi) procedure implemented in the program NOrm (Schafer 1999) to estimate wet measurements for the 52 individuals with only dry measurements, because we had both wet and dry measurements for most of the data set. An expectation-maximization algorithm (em) was used to obtain starting values for the multiple imputation procedure, followed by data augmentation using markov-chain monte Carlo to produce multiple imputations of the missing data. We used a random number seed and 10,000 iterations, with imputation every 1,000 iterations. The resulting 10 data sets were combined following rubin's (1987) rules for scalar estimates to provide a single set of estimates for each specimen with missing data. The combined data composed of original wet measurements obtained from 123 specimens and estimated wet measurements from 52 specimens were used for all statistical analyses. Argentina, Bolivia, and Peru (A. c. orinomus and A. c. cyanoptera) ; and (6) lowland Argentina (includes Patagonia and lowland areas of Cordoba; A. c. cyanoptera). Collection locations in North America (California, Oregon, and Utah) were treated as a single geographic unit, which is consistent with low levels of male breeding-site fidelity in North America (Anderson et al. 1992) . Analysis of variance (ANOVA) and pairwise comparisons for each individual measurement were performed using a general linear model with Bonferroni correction for multiple comparisons. Pairwise comparisons were not made with A. c. tropica (lowland Colombia) because of low sample size. We used a principal component analysis to illustrate overall differences in body size among subspecies. Only those principal components with eigenvalues >1 were used for partial correlation and subspecies classification analyses.
Finally, the joint relationships between elevation and latitude and morphological variables were examined using partial correlation analysis for the following areas: all populations pooled, North America, South America, and southern South America (Altiplano and associated lowlands and Patagonia). in addition, correlations between latitude and body size were examined for A. c. cyanoptera (lowland and highland) separately, because it is the only subspecies with populations distributed over a large latitudinal gradient. Analyses were conducted separately for each sex, and significance levels were corrected for multiple comparisons using Bonferroni methods.
subspecies classification.-We used two methods to evaluate subspecies identifications. We first used linear discriminant analysis to evaluate whether the Cinnamon Teal subspecies conformed, on the basis of body-size measurements, to the 75% rule (Amadon 1949 (Amadon , mayr 1969 , which states that 75% of the individuals of one subspecies must be distinguishable from all other subspecies. measurements found to be significantly different between at least two subspecies (classified based on overall body size) from the mANOVA and ANOVAs were included in this analysis. The reliability of the discriminant analysis was assessed using a crossvalidation (jackknife) procedure, in which each observation was omitted one at a time and then reclassified using a classification function derived from the remaining observations (manly 2000). Cross-validation gives a less biased error rate in classification, because it does not include observations that are used to create the classification function. We performed a discriminant analysis for each sex and locality of collection and did not include A. c. tropica because of low sample size.
We also tested the diagnosability of subspecies using the method of Patten and Unitt (2002), which focuses on the extent of overlap rather than detecting mean differences. diagnosability of subspecies was determined for each measurement separately and for overall body size (PC1). An index value (D ij ) ≥0 indicates that subspecies i is diagnosable from subspecies j. reciprocal tests were performed to determine whether subspecies i is diagnosable from subspecies j and whether subspecies j is diagnosable from subspecies i.
Results
Subspecies differed significantly in overall body size (Wilks's λ = 0.05, F = 25.38, df = 28 and 574, p < 0.001), as did the sexes (Wilks's λ = 0.74, F = 7.16, df = 7 and 159, p < 0.001; Table 1 ). There was no significant interaction between subspecies and sex (Wilks's λ = 0.78, F = 1.46, df = 28 and 574, p = 0.061). Anas c. orinomus was significantly larger than A. c. tropica (e.g., wing chord: 32.50 mm difference; tarsus: 4.01 mm difference) and A. c. septentrionalium (e.g., wing chord: 31.50 mm difference; tarsus: 4.83 mm difference) in most measurements, with A. c. borreroi and A. c. cyanoptera intermediate in body size (Tables 1 and 2 ). in addition, when individuals were grouped on the basis of collection locality instead of a ANOVAs for subspecies effect based on pooled data (wet measurements and transformed dry measurements). Sample sizes: orinomus, n = 30; cyanoptera, n = 34; septentrionalium, n = 50; borreroi, n = 13; and tropica, n = 2. a ANOVAs for subspecies effect based on pooled data (wet measurements and transformed dry measurements). Sample sizes: orinomus, n = 15; cyanoptera, n = 14; septentrionalium, n = 10; borreroi, n = 5; tropica, n = 2.
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OrNiThOlOgiCAl mONOgrAPhS NO. 67 and represented an overall body-size difference (Table 4 ). The second principal component (PC2; female eigenvalue = 1.57, male eigenvalue = 1.63) accounted for 23.2% and 22.5% of the variance for females and males, respectively, and represented a bill-shape difference among the subspecies, as bill measurements were the most influential variables. A longer, thinner bill corresponded with a higher score. even though plots of PC1 versus PC2 showed some overlap among subspecies, only A. c. septentrionalium and A. c. cyanoptera did not differ in PC1, and A. c. orinomus and A. c. cyanoptera did not differ in PC2 (Fig. 2) . When subsets of A. c. cyanoptera were analyzed geographically (Argentina, Peruvian coast, and Andes), the Argentine population was significantly larger in overall body size (PC1), whereas the Peruvian coastal population was more similar to A. c. septentrionalium (North America). Anas c. orinomus had the largest overall body size, with A. c. borreroi and the lowland Argentine population and individual A. c. cyanoptera collected in northwest Argentina showing intermediate body size. Anas c. septentrionalium had the longest bill (PC2) after controlling for variation in body size (Fig. 2) .
partial correlation analysis.-Several significant patterns were found after Bonferroni correction in relation to latitude and elevation (Tables 5 and 6 and Figs. 3-10) . most measurements showed a significant increase with elevation for males and females among all individuals and within South America only (elevation increase of ~4,000 m). in males, PC2 (bill shape) decreased when all individuals were pooled and increased within North America over an elevational increase of ~1,600 m.
Significant correlations with latitude were primarily restricted to males. in females, only bill height showed a positive correlation with latitude within southern populations in South America (A. c. cyanoptera and A. c. orinomus) . in males, tarsus, tail length, and bill height showed a negative correlation, and bill length at nares, culmen length, and PC2 were positively correlated with increasing distance from the equator. Within southern South America, only bill height and bill width were positively correlated with increasing latitude. When only A. c. cyanoptera (lowland subspecies) was considered, there was a strong positive correlation between latitude and bill length at nares, culmen length, bill height, bill width, and PC1 from the Peruvian coast to southern Patagonia.
subspecies classification.-discriminant analysis with cross-validation correctly classified males to originally assigned subspecies with 69-100% and females with 40-100% accuracy (Table 7) . discriminant analysis correctly assigned 53.8-86.0% of males and 40.0-100.0% of females to their area of origin (Table 8) . Six misclassified male individuals from the central high Andes were assigned to the nearest lowland population adjacent to the area where they were collected, Argentina (n = 3) or the Peruvian coast (n = 3). All of these individuals were assigned correctly as A. c. cyanoptera in the subspecies discriminant analysis.
male A. c. orinomus were diagnosable from A. c. cyanoptera using wing chord, tarsus, tail length, and PC1; from A. c. septentrionalium using wing chord, tarsus, tail length, bill height, and PC1; and from A. c. borreroi using wing chord, tarsus, and bill length at nares ( Table 9 ). The same pattern was found in female A. c. orinomus, except that females could not be distinguished from A. c. borreroi using bill length at nares (Table 10) 
Discussion
Cinnamon Teal are distributed along elevational and latitudinal gradients, and within these gradients climatic and habitat variables change abruptly, placing different selection pressures on different populations (e.g., subspecies). Variances in morphological characteristics appear to conform to ecogeographic regions, given that larger individuals occupied higher elevations in the Andes (A. c. orinomus and A. c. borreroi) and occur at higher latitudes in Patagonia (A. c. cyanoptera), whereas smaller conspecifics resided at lower elevations in temperate regions (A. c. cyanoptera, A. c. septentrionalium, and A. c. tropica) . environmental variables as a function of temperature and humidity have been related to body size, and modifications of Bergmann's rule have been made to take into account factors associated with high latitudes and elevations as well as arid habitats (e.g., "latitude effect," Snow 1954; "aridity effect," hamilton 1961). however, other factors, such as hypoxia, fasting endurance, and life-history traits (resource competition and migration), are also known to facilitate variation in body size (Calder 1974 (Calder , 1984 hopkins and Powell 2001; millien et al. 2006) .
The climate of the Andes changes dramatically from the warm, wet temperate zone of the Colombian Andes to the colder, arid climates characteristic of the Altiplano and Patagonia. Patagonia is cool, dry, and windy, with substantial seasonal and diurnal temperature fluctuations. Birds that inhabit southern Patagonia experience average low temperatures ranging from 3° C (esquel, Chubut) to 8° C (rio gallegos, Santa Cruz). The Andean Altiplano is also semi-arid, with most precipitation falling during the austral summer (december to February; garreaud et al. 2003) , leaving the rest of the year cool, dry, and windy. The average low temperatures at Cusco, Peru (3,248 m), and la Paz (4,012 m) have been reported as 5° C and 1° C, respectively (Canty and Associates 2005). Separated by an average of 115 km from the puna zone of the Andes, the lowlands of the Peruvian coast consist of scattered river valleys and associated wetlands that are also classified as semi-arid (Pearson and Plenge 1974). however, in contrast to the climates of the Altiplano and Patagonia, the Peruvian coast is, on average, 10° C warmer, with temperatures ranging from 15 to 18° C (Canty and Associates 2005). We found that individuals in the warmer, wetter climates of North America (A. c. septentrionalium), the Colombian lowlands (A. c. tropica), and the Peruvian coast (A. c. cyanoptera) had smaller body sizes than those in the central high Andes (A. c. orinomus and A. c. cyanoptera) and Patagonia (A. c. cyanoptera).
individuals in high-altitude populations of Cinnamon Teal are significantly larger than their closest lowland relatives. The largest subspecies, A. c. orinomus, is found exclusively in the central high Andes, with no records of dispersal to adjacent lowland habitats. individuals collected at mid-elevations (~2,500 m; A. c. borreroi and A. c. cyanoptera in northwest Argentina) tended to have intermediate body size (Figs. 7-10 ). high-altitude habitats exert selection pressures that arise from multiple factors (monge and león-Velarde 1991).
Besides having a cold, arid climate, these habitats have low air density and the partial pressure of oxygen at 4,000 m is ~60% that at sea level, which may also explain, in part, why high Andean resident populations have larger body size than individuals in populations at lower elevations in the Andes with similar climatic factors (Colombia and Patagonia). hemoglobin oxygen affinity and body size, for example, have been found to be correlated, such that larger animals tend to have higher affinity (Schmidt-Nielsen and larimer 1958, hopkins and Powell 2001) . By contrast, smallerbodied animals tend to have higher metabolic requirements for oxygen, which may favor a higher venous oxygen tension (Schmidt-Nielsen and larimer 1958, hopkins and Powell 2001) . Other waterfowl species that inhabit similar elevational gradients in the Andes also show a strong correlation between body size and elevation (Blake 1977 , Bulgarella et al. 2007 . each highland population also possesses amino acid polymorphisms in the major hemoglobin genes that are likely adaptive (mcCracken et al. 2009a, b) . Thus, there is an overall trend among South American waterfowl. larger individuals are found at higher elevations, whereas the adjacent lowlands are inhabited by smaller conspecifics that also differ in other important traits.
Additionally, there is a general trend for sedentary species to comply more often with Bergmann's rule than migratory species, possibly because nonmigratory species are more affected than migratory species by climatic and other factors such as food availability, in that resident populations are exposed to the same local selection pressures throughout all seasons (meiri and dayan 2003). Cinnamon Teal comprise both sedentary and migratory subspecies, with the migratory small-bodied A. c. septentrionalium showing few significant correlations with either latitude or elevation. There was a correlation with bill shape (PC2) and elevation among males, which was attributable to a decrease of <0.6 mm in bill width or bill height between Utah (1,275 m) and either Oregon or California (<700 m). however, male breeding-site philopatry is typically very low in dabbling ducks (Anderson et al. 1992) . Conversely, South American subspecies, with the exception of the southernmost populations in Argentina, may be predominantly nonmigratory OrNiThOlOgiCAl mONOgrAPhS NO. 67 and show significant correlations between morphological and geographic variables, especially A. c. cyanoptera, which occupies a wide range of habitats from coastal Peru to southern Patagonia.
little information is available on the movements of individual teal between the lowlands and highlands of South America. The lowland subspecies, A. c. cyanoptera, occurs in the highlands in small numbers, but the extent of its distribution in the Andes is unknown. We sampled individual A. c. cyanoptera in the highlands at only the northern and southern edges of the Altiplano.
Six individuals of this subspecies were collected at 2,141-3,369 m in northwestern Argentina (Kgm 442, Kgm 1110 , Kgm 1142 and at 3,393-4,039 m in Peru (reW 118, reW 122, reW 164). There are no records of A. c. cyanoptera breeding in the high Andes, and only one individual we collected was in breeding condition (Kgm 1142), judging by gonad size (left testis: 30 × 10 mm), even though all individuals were in complete breeding plumage. Two individuals (reW 118, reW 122) from Jauja, Peru (3,506 m), were part of a large group that contained both highland and lowland subspecies. All other individuals were either solitary or accompanied by one or two other individuals, and no other Cinnamon Teal were found in the surrounding areas. This suggests that these individuals may have been migrants or, more likely, vagrants to these areas rather than permanent residents, as each individual was assigned to the nearest lowland population. in addition, there are no records of A. c. orinomus descending to coastal habitats. One A. c. orinomus (Kgm 441) was collected at 1,468 m in Salta, Argentina, which, to our knowledge, is the lowest elevation reported for this subspecies. Pearson and Plenge (1974) recorded occasional sightings of other Andean waterfowl species (e.g., A. puna and A. flavirostris) on the coast of Peru, which they attributed to decreased food availability at high elevations during the dry season or competition with seasonal migrants from the south. Water temperature of high Andean lakes (>4,000 m) shows little seasonal variation within the Andean tropical regions, and only the shallow ponds and lakes will freeze or dry up (r. e. Wilson pers. obs.). Cinnamon Teal populations thus face a variety of environmental factors, and phenotypic diversity appears to have arisen from spatial and temporal heterogeneity in selection pressures resulting in adaptations to the local environment.
subspecies classification.-morphological (plumage and body size) distinctiveness of individuals in adjacent geographic areas of North America and South America led to the naming of five Cinnamon Teal subspecies (Snyder and lumsden 1951) . however, this classification had not previously been tested. Our analyses (mANOVA and ANOVA) differentiated all subspecies for males, and female A. c. orinomus differed from all other subspecies. discriminant analysis showed high accuracy of subspecies prediction for males of all subspecies and female A. c. orinomus and A. c. cyanoptera. however, diagnosability of individuals to subspecific groups using the 75% rule (Amadon 1949) showed that few characters reliably distinguished subspecies, excluding A. c. orinomus. low diagnosability among subspecies for females may be attributable, in part, to low sample sizes. The most reliable characters that enabled diagnosis between A. c. orinomus and the other subspecies were wing chord, tarsus, and PC1 (overall body-size variable). low diagnosability of A. c. cyanoptera with respect to North American and Colombian subspecies could be attributable to 
